30 Phlebotomine sand flies are the only proven vectors of leishmaniases, a group of human and 31 animal diseases. Accurate knowledge of sand fly species identification is essential in 32 understanding the epidemiology of leishmaniasis and vector control in endemic areas. Classical 33 identification of sand fly species based on morphological characteristics often remains difficult 34 and requires taxonomic expertise. Here, we generated DNA barcodes of the cytochrome c 35 oxidase subunit 1 (COI) gene using 159 adult specimens morphologically identified to be 19 36 species of sand flies, belonging to 6 subgenera/species groups circulating in Peru, including the 37 vector species. Neighbor-joining (NJ) analysis based on Kimura 2-Parameter genetic distances 38 formed non-overlapping clusters for all species. The levels of intraspecific genetic divergence 39 ranged from 0 to 5.96%, whereas interspecific genetic divergence among different species 40 ranged from 8.39 to 19.08%. The generated COI barcodes could discriminate between all the 41 sand fly taxa. Besides its success in separating known species, we found that DNA barcoding is 42 useful in revealing population differentiation and cryptic diversity, and thus promises to be a 43 valuable tool for epidemiological studies of leishmaniasis.
Introduction

48
Phlebotomine sand flies (Diptera: Psychodidae, Phlebotominae) are of significant public 2.4 Data analysis 3. Results 143 3.1 Sequence analysis 144 A total of 159 COI sequences from 19 morphologically identified species of phlebotomine 145 sand flies belonging to 6 subgenera/species groups were obtained. Each species was analyzed 146 using 1 to 17 specimens ( Table 1 , 2). The COI sequences obtained varied from 650 to 672 bp by 147 direct sequencing. No deletions, insertions or stop codons were found indicating that all 148 sequences constituted functional mitochondrial products (Funk and Omland, 2003) . As these 159 149 COI sequences contained no indels, alignments were straight forward. The COI sequences from 150 19 species of sand flies had high adenosine and thymine (AT)-rich content bias (65.9%), similar 151 to that observed for other insects (Simon et al., 1994) , with an average nucleotide composition of 152 A=28.2%, T=37.7% , C=18.0%, and G=16.2%.
153
Intraspecific genetic distances based on Kimura 2-Parameter values for the sand fly species 154 ranged from 0 to 5.96% (Table 2) SpeciesIdentifier, the overall percentage of correct species identification was 100% as 172 recognized by traditional taxonomy based on morphological features. Generally, the COI 173 divergence within species did not exceed the genetic distance between species. As a result, there 174 was a distinction between intraspecfic and interspecfic genetic divergences, which is critical for 175 DNA barcoding success in taxa discrimination (Fig. 2 epidemiological studies and vector control strategies. Indeed it has been shown that insecticide 239 susceptibility and vector capacity can vary within evolutionary lineages, even within the same 240 species (Lanzaro et al., 1993; O ' Loughlin et al., 2008; Hassan et al., 2012) . Collectively, the fact 241 that some species showed higher conspecific divergence does not compromise the use of COI 242 sequences for their identification; rather, it allows delineation of the regional lineages that 243 constitute them (Hebert et al., 2003b) . Nonetheless, further investigations with more specimens 244 from various localities will be required to provide additional information on the levels of 245 divergence within these vector species and other prevalent sand fly species in Peru. Such studies 246 may also contribute to more effective leishmaniasis control in endemic areas.
247
In conclusion, this study provided the COI barcodes for several Peruvian sand flies and 248 showed their effectiveness in discriminating species recognized through prior conventional 249 taxonomic work. Aside from its success in discriminating known species, DNA barcoding was 250 found to be useful in revealing population differentiation. A better understanding of the 251 implication of the genetic differentiation among the vector species will require further molecular 252 (genetic information from multiple loci), ecological and morphological studies. 0.0 to 0.5% 3.0 to 3.5% 6.5 to 7.0% 15.5 to16.0% 9.0 to 9.5% 10.0 to10.5% 13.0 to13.5% 14.0 to14.5% 14.5 to15.0% 16.5 to17.0% 17.5 to18.0% 18.0 to18.5% 18.5 to19.0% 19.0 to19.5% 0.5 to 1.0% 1.0 to 1.5% 2.0 to 2.5% 2.5 to 3.0% 3.5 to 4.0% 4.0 to 4.5% 4.5 to 5.0% 5.0 to 5.5% 5.5 to 6.0% 6.0 to 6.5% 7.0 to 7.5% 7.5 to 8.0% 8.0 to 8.5% 8.5 to 9.0% 9.5 to 10.0% 10.5 to11.0% 11.0 to11.5% 11.5 to12.0% 12.0 to12.5% 12.5 to13.0% 13.5 to14.0% 15.0 to15.5% 16.0 to16.5% 17.0 to17.5% >20.0%
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